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1 MA-708CDC1 
DESCRIPTION 

POLYNUCLEOTIDES. PESTICIDAL PROTEINS, AND 

NOVEL METHODS OF USING THEM 

Cross-Reference to Related Applications 

fooojj This application is a continuation-in-part of U.S. Serial No. 09/307,106 (filed May 7, 

1999, now U.S. Patent No. 6,603,063), and a continuation-in-part of U.S. Serial No. 09/850,351 
(filed May 7, 2001, currently pending), the latter of which is a continuation of application U.S. 
Serial No. 08/960,780 (filed October 30, 1997, now U.S. Patent No. 6,204,435); which claims 
the benefit of provisional application U.S. Serial No. 60/029,848 (filed October 30, 1996). U.S. 
Serial No. 09/307,106 is also a continuation of apphcation U.S. Serial No. 09/073,898. 

Background of the Invention 
Insects and other pests cost farmers billions of dollars annually in crop losses and in the 
expense of keeping these pests under control. The losses caused by insect pests in agricultural 
production environments include decrease in crop yield, reduced crop quality, and increased 
harvesting costs. 

The soil .microbe Bacillus thuringiensis (B.t.) is a Gram-positive, spore-forming 
bacterium chara-cterized by parasporal crystalline protein inclusions. These inclusions often 
appear microscopically as distinctively shaped crystals. The proteins can be highly toxic to pests 
and specific in their toxic activity. Certain B.t toxin genes have been isolated and sequenced, 
and recombinant DNA-based BJ, products have been produced and approved for use. In 
addition, with the use of genetic engineering techniques, new approaches for delivering these B,L 
endotoxins to agricultural environments are under development, including the use of plants 
genetically engineered with endotoxin genes for insect resistance and the use of stabilized intact 
microbial cells as B.t. endotoxin delivery vehicles (Gaertner, F.H., L. Kim [1988] TIBTECH 
6:S4-S7). Thus, isolated B.t. endotoxin genes are becoming commercially valuable. 
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2 MA-708CDC1 

[0004] Hofte and Whiteley classified B.t crystal protein genes into four major, classes (Hofte, H., 

H.R. Whiteley [1989] Microbiological Reviews 52(2):242-255). The classes were Cryl 
(Lepidoptera-specific), Cryll (Lepidoptera- and Diptera-specific), Crylll (Coleoptera-specific), 
and CrylV (Diptera- specific). The discovery of strains specifically toxic to other pests has been 
reported (Feitelson, J.S., J. Payne, L. Kim [1992] Bio/Technology 10:271-275). CryV has been 
proposed to designate a class of toxin genes that are nematode-specific. Lambert et al (Lambert, 
B., L. Buysse, C. Decock, S. Jansens, C. Piens, B. Saey, J. Seurinck, K. van Audenhove, J. Van 
Rie, A. Van Vliet, M. Peferoen [1996] Appl Environ. Microbiol 62(l):80-86) describe the 
characterization of a Cry9 toxin active against lepidopterans. Published PCT applications WO 
94/05771 and WO 94/24264 also describe B.t isolates active against lepidopteran pests. Gleave 
et al ([1991] JGM 138:55-62), Shevelev et al ([1993] FEES Lett. 336:79-82; and Smulevitch et 
al ([1991] FEES Lett. 293:25-26) also describe B.t. toxins. Many other classes of B.t. genes 
have now been identified. 

[0005] WO 94/21795, WO 96/10083, related U.S. patents, and Estruch, J.J. et al. (1996) PNAS 

93:5389-5394 describe toxins obtained fi^om Bacilltis microbes, wherein the toxins were 
purportedly produced during vegetative cell growth. These toxins were thus termed vegetative 
insecticidal, proteins (VIP). These toxins were reported to be distinct fi-onl crystal-forming 6- 
endotoxins. These applications make specific reference to toxins designated ViplA(a), 
Vipl A(b), Vip2A(a), Vip2A(b), Vip3A(a), and Vip3A(b). See also Lee et al, AEM vol. 69, no. 
8 (August 2003), pages. 4648-4657, for a discussion of Vip3 mechanism of action and truncation. 
There are no known reports of Vip3 proteins having activity against diamondback moths 
(Plutella xylostella). 

[0006] Diamondback moths are known to develop resistance to various chemical pesticides, as 

well as some B.t. Cry toxins such as CrylAb, Cryl Ac, and CrylC. See, e.g., Syed, A.R. (1992), 
Insecticide resistance in diamondback moth in Malaysia, pp. 437-442, in N.S. Talekar (ed.) 
Management of Diamondback Moth and Other Pests: Proceedings of the International 
Workshop, AVRDC, Taiwan; Shelton, A.M., et al (1993), Resistance of diamondback moth to 
Bacillus thuringiensis subspecies in the field, J. Econ. Entomol 86:697-705; Tabashnik, B.E., et 
al (1990), Field development of resistance to Bacillus thuringiensis in diamondback moth, J. 
Econ. Entomol 83:1671-1676; Tabashnik, B,E., etal (1993), Increasing efficiency of bioassays: 

J:\Mycogen\US\MA-708CDCI\Spec\MA-708CDCl.d()c/DNB/ehm 



I 



3 MA-708CDC1 

evaluating resistance to Bacillus thuringiensis in diamondback moth, J. Econ. Entomol 86:635- 
644; Tanada, H. (1992), Occurrence of resistance to Bacillus thuringiensis in diamondback moth, 
arid results of trials for integrated control in a watercress greenhouse, pp. 165-173, in N.S. 
Talekar (ed.) Management of Diamondback Moth and Other Crucifer Pests: Proceedings of the 
International Workshop, AVRDC, Taiwan; Zhao, J.Z., et al (1993), On-farm insecticide 
resistance monitoring methods for diamondback moth. Acta Agriculturae Sinica l(l):(in press); 
Zhu, G.R., et al. (1991), Insecticide resistance and management of diamondback moth and 
imported cabbage worm in P.R. China, Resistant Pest Management Newsletter 3(2):25-26; 
Tabashnik, B.E., (1994), Evolution of resistance to Bacillus thuringiensis. Annual Review of 
Entomology 39:47-49; Metz, T.D., et al (1995), Transgenic broccoli expressing a Bacillus 
thuringiensis insecticidal crystal protein: hnplications for pest resistance management strategies, 
Molecular Breeding 1:309-317; Perez, C.J., et al (1995), Effect of application technology and 
Bacillus thuringiensis subspecies on management of B. thuringiensis subsp. kurstaki-KsistanX 
diamondback moth {Lepidoptera: Plutellidae), J. Econ. Entomol 88:1113-1119; Shelton, A.M., 
Jr., et al (1993), Resistance of diamondback moth (Lepidoptera: Plutellidae) to Bacillus 
thuringiensis subspecies in the field, J. Econ. Entomol 86:697-705; Tang, J.D., et al (1996), 
Toxicity of Bacillus thuringiensis spore and crystal protein to resistant diamondback moth 
{Plutella xylostella), Appl Environ. Microbiol 62:564-569; Zhao, J.Z., et a/. (2001), Different 
cross-resistance pattems in the diamondback moth {Lepidoptera: Plutellidae) resistant to 
Bacillus thuringiensis toxin C/ylC, Journal of Economic Entomology 94(6): 1547- 1552; Cao, J., 
et al (1999), Transgenic broccoli with high levels of Bacillus thuringiensis CryXC protein 
control diamondback moth resistant to CrylA or CrylC, Molecular Breeding, 5(2):131-141. 
[0007] New classes of toxins and genes are described in WO 98/18932. They are distinct firom 

those disclosed in WO 94/21795, WO 96/10083, WO 98/44137, and Estruch et al 

Brief Simmiarv of the Invention 
[0008] The subject invention concems materials and methods useful in the control of non- 

mammalian pests and, particularly, plant pests. In one embodiment, the subject invention 
provides novel B.t. isolates having advantageous activity against non-mammalian pests. In a 
further embodiment, the subject invention provides new toxins useful for the control of non- 
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mammalian pests. In a preferred embodiment, these pests are lepidopterans. The toxins of the 
subject invention are preferably soluble toxins that can be obtained from the supernatant of 
Bacillus cultures. 

[0009J The subject invention further provides nucleotide sequences that encode toxins of the 

subject invention. The nucleotide sequences of the subject invention encode toxins that are 
distinct from previously described toxins. In a specific embodiment, the subject invention 
provides new toxins having advantageous pesticidal activities. 

[ooioj A preferred class of toxins of the subject invention includes SUP-1 toxins. These toxins, 

and the genes that encode them, can be characterized in terms of, for example, the size of the 
toxin or gene, the DNA or amino acid sequence, pesticidal activity, and/or antibody reactivity. 
In a preferred embodiment, toxins of the subject invention have advantageous and surprising 
activity against diamond back moths (DBM; Plutella xylostella). This is advantageous in part 
becaxise the subject invention provides a new alternative for controlling DBMs, which are known 
to develop resistance to soihe B.L and other pesticides. Thus, the subject invention includes 
using a toxin of the subject invention in methods of controlling or inhibiting DBMs that have 
developed resistance (DBM'^) to at least one other type of toxin. 

foojij The subject invention includes plants cells transformed with at least one polynucleotide 

sequence of the subject invention such that the transformed plant cells express pesticidal toxins 
in tissues consumed by target pests. Toxins of the subject invention can be used in combination 
with other toxins. Transformation of plants with the genetic constructs disclosed herein can be 
accomplished using techniques well known to those skilled in the art and would typically involve 
modification of the gene to optimize expression of the toxin in plants. One such preferred 
sequence is disclosed herein. 

Brief Description of the Figure 
foonj Figure 1 shows correlation of SEQ ID NO:26 (plant-optimized KB59A4-6) expression 

and toxicity to tobacco budworm in Arabidopsis T 1 lines. 
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Brief Description of the Sequences 
[0013] SEQ ID NO. 1 is a forward primer, designated *the 339 forward primer," used according 

to the subject invention. 

[0014] SEQ ID NO. 2 is a reverse primer, designated *the 339 reverse primer," used according 

to the subject invention. 

[0015] SEQ ID NO. 3 is a nucleotide sequence encoding a toxin from Bx strain PS36A. 

[0016] SEQ ID NO. 4 is an amino acid sequence for the 36A toxin. 

[0017] SEQ ID NO. 5 is a nucleotide sequence encoding a toxin from B.L strain PS81F. 

[0018] SEQ ID NO. 6 is an amino acid sequence for the 8 IF toxin. 

[0019] SEQ ID NO. 7 is a nucleotide sequence encoding a toxin from B,t strain Javelin 1990. 

[0020] SEQ ID NO. 8 is an amino acid sequence for the Javelin 1990 toxin. 

[0021] SEQ ID NO. 9 is a forward primer, designated "158C2 PRIMER A," used according to 

the subject invention. 

[0022] SEQ ID NO. 10 is a nucleotide sequence encoding a portion of a soluble toxin from BA. 

PS158C2; 

[0023] SEQ ID NO. 11 is a forward primer, designated "49C PRIMER A," used according to 

the subject invention. 

[0024] SEQ ID NO. 12 is a nucleotide sequence of a portion of a toxin gene from B.t strain 

PS49C. 

[0025] SEQ ID NO. 13 is a forward primer, designated "49C PRIMER B," used according to 

the subject invention. 

[0026] SEQ ID NO. 14 is a reverse primer, designated "49C PRIMER C," used according to the 

subject invention. 

[0027] SEQ lb NO. 15 is an additional nucleotide sequence of a portion of a toxin gene from 

PS49C. 

[0028] SEQ ID NO. 16 is the nucleotide sequence of the SUP toxin gene from B.t strain PS49C. 

[0029] SEQ ID NO. 17 is the amino acid sequence of the SUP toxin gene from B.t strain 

PS49C. 

[0030] SEQ ID NO. 18 is the nucleotide sequence of the SUP toxin gene from B.t strain 

PS158C2. 
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SEQ ID NO. 19 is the amino acid sequence of the SUP toxin gene from B.t strain 
' PS158C2. 

SEQ ID NO. 20 is a forward primer, designated "SUP-1 A " used according to the subject 
invention. 



[0033] SEQ ID NO. 21 is a reverse primer, designated "SUP-IB," used according to the subject 
invention. 

[0034] SEQ ID NO:22 is a SUP primer for use according to the subject invention. 

[0035] SEQ. ID NO:23 is a SUP primer for use according to the subject invention. 

[0036] SEQ ID NO:24 is a nucleotide sequence for a SUP gene from KB59A4-6. 

[0037] SEQ ID NO:25 is an amino acid sequence for a SUP toxin from KB59A4-6. 

[0038] SEQ ID NO:26 is a plant-optimized polynucleotide that encodes a KB59A4-6 SUP 
toxin. 

[0039] SEQ ID NO:27 is a protein encoded by SEQ ID NO:26. 

Detailed Disclosure of the Invention 
[0040] The subject invention concerns materials and methods for the control of non-mammalian 



pests. In specific embodiments, the subject invention pertains to new Bacillus thuringiensis 
isolates and toxins that preferably have activity against lepidopterans. The subject invention 
further concerns novel genes which encode pesticidal toxins and novel methods for identifying 
and characterizing Bacillus genes which encode toxins with useful properties. The subject 
invention concerns not only the polynucleotide sequences which encode these toxins, but also the 
use of these polynucleotide sequences to produce recombinant hosts which express the toxins. 
The proteins of the subject invention are distinct from protein toxins which have previously been 
isolated from Bacillus thuringiensis (B,L). 
[0041] B.t isolates useful according to the subject invention have been deposited in the 

permanent collection of the Agricultural Research Service Patent Culture Collection (NRRL), 
Northem Regional Research Center, 1815 North University Street; Peoria, Illinois 61604, USA. 
The culturie repository numbers of the BJ. strains are as follows: 
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Table 1. 




DpriAcil'nfv IVn 


Deposit Date 


Patent No. 


B.t. rSl Id (MiZ/h) 


IN Ivivl^ D-Z 1 J«JO 


Anril 18 1996 




B.t. rbilOl (MlZ/oj 




Anril IR 1996 




n A TIC O A 

B.t. PS3oA 


JNlVlvL/ D-io^zy 






B.t. rS4yC 


iNlvlvJj D-Z1.;?jZ 


March 14 1996 




B.t. PSolAz 


XTTJPT R 1 fidfid 
JNlvlvLf D- 1 0'toH 


Ann'l 10 19R9 


5 164 180 


B.t. rbolr 


MP P T R 1 


Ortnher7 1988 


5 045 469 


B.t. rSolCjLr 


XFPPT R-.1RA9S 


October 1 1 1988 


5 169 629 


B.t. rSoll 


MPPT R.1$2ARA 


Anril 19 1989 


5 126 133 


B.t. roojAl . 


MPPT R-1Rd9^ 
INrvIvJL J3"10'tZU 


October 11 1988 




B.t. rooOrJDl 


IN ivlvl-* D"Z 1 J J 1 


Anril 18 1996 




B.t. rooOV l (JVllz/Oj 




Anril 18 1996 




B.t. r ooo W 1 ^JVl 1 z / / j 


MPPT R 91 ^SO 


Anril 18 1996 




B.t. rSoyji (Mlz/yj 


MPPT T^_91^A1 


Anril 18 1996 




B.t. rbylUz 


MPPT T^-lW^l 


Febrnarv6 1991 




"D 4- "DC 1 CO/^O 

B.t. rbl JoCz 


MPPT 18879 
INlvivij D" 1 oo /Z 


Aii(ni<;t 97 1991 


5 268 172 


B.t. PS185U2 (MT280) 


NRRLB-21562 


April 18, 1996 




B.t. PS192M4 


NRRLB- 18932 


December 27, 1991 


5,273,746 


B.t. PS244A2 


NRRLB-21541 


March 14, 1996 




PS94R1 


NRRLB-21801 


July 1, 1997 




PSIOIDD 


NRRLB-21802 


July 1, 1997 




PS202S 


NRRL B-21803 


July 1, 1997 




PS213E5 


NRRLB-21804 


July 1, 1997 




PS218G2 


NRRL B-2 1805 


July 1, 1997 





Cultures which have been deposited for the purposes of this patent application were 
deposited under conditions that assure that access to the cultures is available during the pendency 
of this patent application to one determined by the Commissioner of Patents and Trademarks to 
be entitled thereto under 37 CFR 1.14 and 35 U.S.C. 122. The deposits will be available as 
required by foreign patent laws in countries wherein counterparts of the subject application, or its 
progeny, are filed. However, it should be understood that the availability of a deposit does not 
constitute a license to practice the subject invention in derogation of patent rights granted by 
governmental action. 

Further, the subject culture deposits will be stored and made available to the public in 
accord with the provisions of the Budapest Treaty for the Deposit of Microorganisms, i.e., they 
will be stored with all the care necessary to keep them viable and uncontaminated for a period of 
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at least five years after the most recent request for the fiimishing of a sample of the deposit, and 
in any case, for a period of at least thirty (30) years iafter the date of deposit or for the 
enforceable life of any patent which may issue disclosing the culture(s). The depositor 
acknowledges the duty to replace the deposit(s) should the depository be imable to fiimish a 
sample when requested, due to the condition of a deposit. All restrictions on the availability to 
the public of the subject culture deposits will be irrevocably removed ui)on the granting of a 
patent disclosing them. 

[0044] Many of the strains useful according to the subject invention are readily available by 

virtue of the issuance of patents disclosing these strains or by their deposit in pubUc collections 
or by their inclusion in conraiercial products. For example, the B, t, strain used in the commercial 
product, Javelin, is publicly available. The "HD" isolates are pubHcly available from the 
Howard Dulmage culture collection. 

[0045] Mutants of the isolates referred to herem can be made by procedures well known in the 

art. For example, an asporogenous mutant can be obtained through ethyhnethane sulfonate 
(EMS) mutagenesis of an isolate. The mutants can be made using ultraviolet light and 
nitrosoguanidine by procedvires well known in the art. . 

[0046] hi one embodiment, the subject invention concems materials and methods including 

nucleotide primers and probes for isolating, characterizing, and identifying 5ac///w5 genes 
encoding protein toxins that are active against non-mammalian pests. The nucleotide sequences 
described herein can also be used to identify new pesticidal Bacillus isolates. The invention 
fiuther concems the genes, isolates, and toxins identified using the methods and materials 
disclosed herein. 

[0047] The new toxins and polynucleotide sequences provided here are defined , according to 

several parameters. One characteristic of the toxins described herein is pesticidal activity, hi a 
specific embodiment, these toxins have activity against coleopteran and/or lepidopteran pests. 
The toxins and genes of the subject invention can be further defined by their amino acid and 
nucleotide sequences. The sequences of the molecules can be defined in terms of homology to 
certain exemplifiedi sequences as well as in terms of the abiUty to hybridize with, or be amplified 
by, certain exemplified probes and primers. The toxins provided herein can also be identified 
based on their immunoreactivity with certain antibodies. 
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[0048J An important aspect of the subject invention is the identification and characterization of 

new families of Bacillus toxins, and genes which encode these toxins. Members of a preferred 
family have been designated "SUP" toxins. Toxins within this family, as well as genes encoding 
toxins within this family, can readily be identified as described herein by, for example, size, 
amino acid or DNA sequence, and antibody reactivity. Amino acid and DNA sequence 
characteristics include homology with exemplified sequences, ability to hybridize with DNA 
probes, and ability to be amplified with specific primers. 

[0049] SUP toxins of the subject invention are soluble and can be obtained fi"om the supernatant 

of Bacillus cultures as described herein. In a preferred embodiment, the SUP toxins are active 
against lepidopteran pests. The SUP toxins typically have a size of about 70-100 kDa and, 
preferably, about 80 kDa. The SUP family is exemplified herein by toxins fi-om isolates PS49C 
. and PS158C2. The subject invention provides probes and primers usefiil for the identification of 
toxins and genes in the SUP family 

foosoj These toxins can be used alone or in combination with other toxins to control pestsThese 

toxins may be used, for example, with 5-endotoxins which are obtained firom Bacillus isolates. 

foosij Table 2 provides a summary of SUP toxins and genes of the subject invention, which can . 

be obtained fi-om particular B,L isolates as shown in Table 2. Genes encoding toxins in each of 
these families can be identified by a variety of highly specific parameters, including the ability to ^ 
hybridize with the particular probes set forth in Table 2. Sequence identity in excess of about 
80% with the probes set forth in Table 2 can also be used to identify the genes of the various 
families. Also exemplified are particular primer pairs which can be used to amplify the genes of 
the subject invention. A portion of a gene within the indicated family would typically be 
amplifiable with at least one of the enumerated primer pairs. In a preferred embodiment, the 
amplified portion would be of approximately the indicated fixigment size. Primers shown in 
Table 2 consist of polynucleotide sequences which encode peptides as shown in the sequence 
listing attached hereto. Additional primers and probes can readily be constructed by those 
skilled in the art such that altemate polynucleotide sequences encoding the same amino acid 
sequences can be used to identify and/or characterize additional genes encoding pesticidal toxins. 
In a preferred embodiment, these additional toxins, and their genes, could be obtained fi-om 
Bacillus isolates. 
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Table 2. 






Probes 


Primer Pairs 


Fragment size 


Family 


Isolates 


(SEQ ID NO.) 


(SEQ ID NOS.) 


(nt) 


SUP 


PS49C, PS158C2 


10, 12, 15 


53 and 54 


370 



[0052] With the teachings provided herein, one skilled in the art could readily produce and use 

the various toxins and polynucleotide sequences described herein. 

[0053] Genes and toxins . The genes and toxins useful according to the subject invention include 

not only the full length sequences but also fragments of these sequences, variants, mutants, and 
fusion proteins which retain the characteristic pesticidal activity of the toxins specifically 
exemplified herein. Chimeric genes and toxins, produced by combining portions from more than 
one Bacillus toxin or gene, may also be utilized according to the teachings of the subject 
• invention. As used herein, the terms 'Variants" or 'Variations" of genes refer to nucleotide 
sequences which encode the same toxins or which encode equivalent toxins having pesticidal 
activity. As used herein, the term "equivalent toxins" refers to toxins having the same or 
essentially the same biological activity against the target pests as the exemplified toxins. 

[0054] It is apparent to a person skilled in this art that genes encoding active toxins can be 

identified and obtained through several means. The specific genes exemplified herein may be 
obtained from the isolates deposited at a culture depository as described above. These genes, or 
portions or variants thereof, may also be constructed synthetically, for example, by use of a gene 
synthesizer. Variations of genes may be readily constructed using standard techniques for 
making point mutations. Also, fragments of these genes can be made using commercially 
available exonucleases or endonucleases according to standard procedures. For example, 
enzymes such as BafiX or site-directed mutagenesis can be used to systematically cut off 
nucleotides from the ends of these genes. Also, genes which encode active fragments may be 
obtained using a variety of restriction enzymes. Proteases may be used to directly obtain active 
fragments of these toxins. 

[0055] Equivalent toxins and/or genes encoding these equivalent toxins can be derived from 

Bacillus isolates and/or DNA libraries using the teachings provided herein. There are a number 
of methods for obtaining the pesticidal toxins of the instant invention. For example, antibodies to 
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the pesticidal toxins disclosed and claimed herein can be used to identify and isolate toxins from 
a mixture of proteins. Specifically, antibodies may be raised to the portions of the toxins which 
are most constant and most distinct from other Bacillus toxins. These antibodies can then be 
used to specifically identify equivalent toxins with the characteristic activity by 
immunoprecipitation, enzyme linked immunosorbent assay (ELISA), or ^Westem blotting. 
Antibodies to the toxins disclosed herein, or to equivalent toxins, or fragments^f these toxins, 
can readily be prepared using standard procedures in this art. The genes which encode these 
toxins can then be obtained from the microorganism. 

foo56j . Fragments and equivalents which retain the pesticidal activity of the exemplified toxins 
are within the scope of the subject invention. Also, because of the redundancy of the genetic 
code, a variety of different DNA sequences can encode the amino acid sequences disclosed 
herein. It is well within the skill of a person trained in the art to create these alternative DNA 
sequences encoding the same, or essentially the same, toxins. These variant DNA sequences are 
within the scope of the subject invention. As used herein, reference to "essentially the same" 
sequence refers to sequences which have amino acid substitutions, deletions, additions, or 
insertions which do not materially affect pesticidal activity. Fragments retaining pesticidal 
activity are also included in this definition. 

[0057] A further method for identifying the toxins and genes of the subject invention is through 

the use of oligonucleotide probes. These probes are detectable nucleotide sequences. Probes 
provide a rapid method for identifying toxin-encoding genes of the subject invention. The 
nucleotide segments which are used as probes according to the invention can be synthesized 
using a DNA synthesizer and standard procedures. 

[0058J Certain toxins of the subject invention have been specifically exemplified herein. Since 

these toxins are merely exemplary of the toxins of the subject invention, it should be readily 
apparent that the subject invention comprises variant or equivalent toxins (and nucleotide 
sequences coding for equivalent toxins) having the same or similar pesticidal activity of the 
exemplified toxin. Equivalent toxins will have amino acid homology with an exemplified toxin. 
This amino acid identity will, typically be 60% or greater, preferably 75% or greater, more 
preferably 80% or greater, more preferably 90% or greater, and can be 95% or greater. These 
identities are as determined using standard alignment techniques. The amino acid homology will 
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be highest in critical regions of the toxin which account for biological activity or are involved in 
the determination of three-dimensional configuration which ultimately is responsible for the 
biological activity. In this regard, certain amino acid substitutions are acceptable and can be 
expected if these substitutions are in regions which are not critical to activity or are conservative 
amino acid substitutions which do not affect the three-dimensional configuration of the 
molecule.: For example, amino acids may be placed in the following classes: non-polar, 
uncharged polar, basic, and acidic. Conservative substitutions whereby an amino acid of one 
class is replaced with another amino acid of the same type fall within the scope of the subject 
invention so long as the substitution does not materially alter the biological activity of the 
compound. Table 3 provides a listing of examples of amino acids belonging to each class. 



Tables. 

Class of Amino Acid Examples of Amino Acids 

Nonpolar Ala, Val, Leu, He, Pro, Met, Phe, Trp 

Uncharged Polar Gly, Ser, Thr, Cys, Tyr, Asn, Gin 

Acidic . Asp, Glu 

Basic Lys, Arg, His 

[0059] In some instances, non-conservative substitutions can also be made. The critical factor is 

that these substitutions must not significantly detract fi-om the biological activity of the toxin. ' 

[0060] The 6-endotoxins of the subject invention can also be characterized in terms of the shape 

and location of toxin inclusions, which are described above. 

[0061] As used herein, reference to "isolated" polynucleotides and/or "purified" toxins refers to 

. these molecules when they are not associated with the other molecules with which they would be 
found in nature. Thus, reference to "isolated and purified" signifies the involvement of the 
"hand of man" as described herein. Chimeric toxins and genes also involve the "hand of man." 

[0062] As mentioned above, the subject invention includes truncated toxins and chimeric toxins 

(derived using SEQ ID N0S:17, 19, and 25, for example). As described in U.S. Patent 
No. 6,137,033 for example {see also Lee et al discussed above in the Background section), Vip3 
proteins are proteolytically truncated fi^om about 88 kDa to about 66 kDa. The 66 kDa protein 
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comprises amino acid residues 200-789. The 66 kDa protein appears to be further truncated by 
proteases to yield a 33 kDa toxic core (the C terminus of the 66 kDa protein, corresponding to 
residues 200-455 of the full-length) and a 45 kDa protein (corresponding to residues 412-789 of 
the full-length protein). 

[0063] In light of the diamond back moth (DBM) toxicity exhibited by the 49C and KB59A-46 

SUP toxins, very interesting results can be obtained by aligning the sequences of the SUP toxins 
of the subject invention (SEQ ID NOSiH, 19, and 25, for example) with, for example, those for 
the proteins of SEQ ID NO:6 (the 8 IF toxin) and 8, and/or the Vip3 sequences. As can be 
determined by such alignments (which are within the skill in the art - PLOT SIMILARITY can 
be used, for example), most of the sequence divergence between 8 IF vs. 49C and KB59A4-6 
occurs in about the last 200 amino acid residues of the protein. This would correspond to about 
the last two-thirds of the 45 kDa band discussed in the '033 patent. 

f0064j Thus, it appears that the last 200 or so residues of the SUP proteins, or other regions 

where there is sequence divergence, could be involved with the mechanism of action accoxmting 
for insect specificity. In light of this and other teachings discussed herein and in the art in 
general,' the subject invention includes chimeric toxins comprising certain fi-agments of the 
subject SUP toxins. Residues 412 to the C terminus (of SEQ ID NOS: 17, 19, arid 25) are 
. preferred for such uses, as are residues -600 to the C terminus. In other embodiments, residues 
-200-455 (of SEQ ID NOS: 17, 19, and 25) can be used for constructing chimerics. 
Altematively or in combination with other chimeric approaches, the first 200 or so amino acids 
of SEQ ID NOS: 17, 19, and 25 can be omitted/removed (in vitro); this would yield truncated 
toxins or truncated chimeric toxins. 

[0065J . . The various segments identified above can be swapped amongst themselves, or they can 
be used in conjimction with, for example, other sequences disclosed herein or with Vip3 
sequences. For example, one of the C terminal segments discussed above (residues 412 to the C 
terminus of SEQ ID NO: 17 and 25, for example [786 and 787, respectively]) can be used with 
residues 0-412 or 455 of SEQ ID N0:6 (81F) for example. Residues -200-4 12 or455 of SEQ ID 
NO: 17 or 25, for example, could be used with the C terminal segment of 8 IF, for example. 
Altematively, Vip3 sequences could be used in place of the 8 IF segments (together with the 49C 
or KB59A4-6 segments) discussed above. Thus, if SUP and Vip3 toxins are considered to have 
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three main domains or regions as discussed above, chimerics of the subject invention include 
those that would comply with the following, where each letter depicts a domain, the subscript 
number indicates the domains in the order discussed above (N terminal to C terminal), and 
different letters depict different source SUP or Vip3 proteins: A1A2B3, A1B2A3, A1B2B3, 
A1B2C3, and the like. Preferred embodiments of such chimerics are designed to have toxin 
activity against diamond back moths. The relative location / sequence / order (1-2-3) of the 
domains does not necessarily have to be maintained, and it should also be clear that the subject 
invention includes truncated chimerics, including those where a domain is wholly or partly 
removed. Examples include A2B3. 

[0066] Recombinant hosts . The toxin-encoding genes of the subject invention can be introduced 

into a wide variety of microbial or plant hosts. Expression of the toxin gene results, directly or 
indirectly, in the production and maintenance of the pesticide. With suitable microbial hosts, 
e.g., Pseudomonas, the microbes can be applied to the situs of the pest, where they will 
proliferate and be ingested. The result is a control of the pest. Altematively, the microbe hosting 
the toxin gene can be killed and treated under conditions that prolong the activity of the toxin 
and stabilize the cell. The treated cell, which retains the toxic activity, then can be applied to the 
environment of the target pest. 

[0067] A wide variety of ways are available for introducing a Bacillus gene encoding a toxin , 

into a microorganism host under conditions which allow for stable maintenance and expression 
of the gene. These methods are well known to those skilled in the art and are described, for 
example, in United States Patent No. 5, 1 35,867, which is incorporated herein by reference. 

[0068] Synthetic genes which are functionally equivalent to the toxins of the subject invention 

can also be used to transform hosts. Methods for the production of synthetic genes can be foimd 
in, for example, U.S. Patent No. 5,380,83 1 . 

[0069] Treatment of cells . As mentioned above, Bacillus or recombinant cells expressing a 

Bacillus toxin can be treated to prolong the toxin activity and stabilize the cell. The pesticide 
microcapsule that is formed comprises the Bacillus toxin within a cellular structure that has been 
stabilized and will protect the toxin when the microcapsule is applied to the environment of the 
target pest. Suitable host cells may include either prokaryotes or eukaryotes. As hosts, of 
particular interest will be the prokaryotes and the lower eukaryotes, such as fungi. The cell will 
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usually be intact and be substantially in the proliferative form when treated, rather than in a spore 
form. 

[0070] Treatment of the microbial cell, eg., a microbe containing the Bacillus toxin gene, can be 

by chemical or physical means, or by a combination of chemical and/or physical means, so long 
as the technique does not deleteriously affect the properties of the toxin, nor diminish the cellular 
capability of protecting the toxin. Methods for treatment of microbial cells are disclosed in 
United States Patent Nos. 4,695,455 and 4,695,462, which are incorporated herein by reference. 

[0071] Methods and formulations for control of pests . Control of pests using the isolates, toxins, 

and genes of the subject invention can be accomplished by a variety of methods known to those 
skilled in the art. These methods include, for example, the application of Bacillus isolates to the 
pests (or their location), the application of recombinant microbes to the pests (or their locations), 
and the transformation of plants with genes which encode the pesticidal toxins of the subject 
invention. Transformations can be made by those skilled in the art using standard techniques. 
Materials necessary for these transformations are disclosed herein or are otherwise readily 
available to the skilled artisan. 

[0072] Formulated bait granules containing an attractant and the toxins of the Bacillus isolates, 

or recombinant microbes comprising the genes obtainable from the Bacillus isolates disclosed 
herein, can be applied to the soil. Formulated product can also be applied as a seed-coating or ^ 
root treatment or total plant treatment at later stages of the crop cycle. Plant and soil treatments 
of Bacillus cells may be employed as wettable powders, granules or dusts, by mixing with 
various inert materials, such as inorganic minerals (phyllosilicates, carbonates, sulfates, 
phosphates, and the like) or botanical materials (powdered comcobs, rice hulls, walnut shells, 
and the like). The formulations may include spreader-sticker adjuvants, stabilizing agents, other 
pesticidal additives, or surfactants. Liquid formulations may be aqueous-based or non-aqueous 
and employed as foams, gels, suspensions, emulsifiable concentrates, or the like. The 
ingredients may include rheological agents, surfactants, emulsifiers, dispersants, or polymers. 

[6073] As would be appreciated by a person skilled in the art, the pesticidal concentration will 

vary widely dependirig upon the nature of the particular formulation, particularly whether it is a 
concentrate or to be used directly. The pesticide will be present in at least 1% by weight and 
may be 100% by weight. The dry formulations will have from about 1-95% by weight of the 
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pesticide while the liquid formulations will generally be from about 1-60% by weight of the 
solids in the liquid phase. The formulations that contain cells will generally have from about 10^ 
to about 10^ cells/mg. These formulations will be administered at about 50 mg (liquid or dry) to 
1 kg or more per hectare. 

[0074] The formulations can be applied to the environment of the pest, e.g., soil and foliage, by 

spraying, dusting, sprinkling, or the like. 

[0075] Diamondback moths (DBMs) are a particularly troublesome pest in Asia, including 

Southeast Asia. Thus, the subject invention advantageously includes the transgenic plants and 
seeds of the subject invention, and the use thereof, in Asia, especially for controlling the 
development of resistant DBMs. 

[0076] Polynucleotide probes . It is well known that DNA possesses a fundamental property 

called base complementarity. In nature, DNA ordinarily exists in the form of pairs of anti- 
parallel strands, the bases on each strand projecting from that strand toward the opposite strand. 
The base adenine (A) on one strand will always be opposed to the base thymine (T) on the other 
strand, and the base guanine (G) will be opposed to the base cytosine (C). The bases are held in 
apposition by their ability to hydrogen bond in this specific way. Though each individual bond 
is relatively weak, the net effect of many adjacent hydrogen bonded bases, together with base 
stacking effects, is a stable joining of the two complementary strands. These bonds can be. 
broken by treatments such as high' pH or high temperature, and these conditions result in the 
dissociation, or "denaturation,'' of the two strands. If the DNA is then placed in conditions 
which make hydrogen bonding of the bases thermodynamically favorable, the DNA strands will 
anneal, or "hybridize," and reform the original double stranded DNA. If carried out under 
appropriate conditions, this hybridization can be highly specific. That is, only strands with a 
high degree of base complementarity will be able to form stable double stranded structures. The 
relationship of the specificity of hybridization to reaction conditions is well known. Thus, 
hybridization may be used to test whether two pieces of DNA are complementary in their base 
sequences. It is this hybridization mechanism which facilitates* the use of probes of the subject 
invention to readily detect and characterize DNA sequences of interest. 

[0077] The probes may be RNA, DNA, or PNA (peptide nucleic acid). The probe will normally 

have at least about 10 bases, more usually at least about 17 bases, and may have up to about 100 
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bases or more. Longer probes can readily be utilized, and such probes can be, for example, 
several kilobases in length. The probe sequence is designed to be at least substantially 
complementary to a portion of a gene encoding a toxin of interest. The probe need not have 
perfect complementarity to the sequence to which it hybridizes. The probes may be labelled 
utilizing techniques which are well known to those skilled in this art. 
[0078] One approach for the use of the subject invention as probes entails first identifying by 

Southern blot analysis of a gene bank of the Bacillus isolate all DNA segments homologous with 
the disclosed nucleotide sequences. Thus, it is possible, without the aid of biological analysis, to 
know in advance the probable activity of many new Bacillus isolates, and of the individual gene 
products expressed by a given Bacillus isolate. Such a probe analysis provides a rapid method 
for identifying potentially commercially valuable insecticidal toxin genes within the multifarious 
subspecies of 

[0079] One hybridization procedure useful according to the subject invention typically includes 

the initial steps of isolating the DNA sample of interest and purifying it chemically. Either lysed 
bacteria or total fractionated nucleic acid isolated from bacteria can be used. Cells can be treated 
using known techniques to liberate their DNA (and/or RNA). The DNA sample can be cut into 
pieces with an appropriate restriction enzyme. The pieces can be separated by size through 
electrophoresis in a gel, usually agarose or acrylamide. The pieces of interest can be transferred 
to an inmiobilizing membrane. 

[0080] The particular hybridization technique is not essential to the subject invention. As 

improvements are made in hybridization techniques, they can be readily applied. 

[0081] The probe and sample can then be combined in a hybridization buffer solution and held at 

an appropriate temperature until annealing occurs. Thereafter, the membrane is washed free of 
extraneous materials, leaving the sample and bound probe molecules typically detected and 
quantified by autoradiography and/or liquid scintillation counting. As is well known in the art, if 
the probe molecule and nucleic acid sample hybridize by forming a strong non-covalent bond 
between the two molecules, it can be reasonably assumed that the probe and sample are 
essentially identical. The probe's detectable label provides a means for determining in a known 
manner whether hybridization has occurred. 
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[0082] In the use of the nucleotide segments as probes, the particular probe is labeled with any 

suitable label known to those skilled in the art, including radioactive and non-radioactive labels. 
Typical radioactive labels include ^^P, ^^S, or the like. Non-radioactive labels include, for 
example, ligands such as biotin or thyroxine, as well as enzymes such as hydrolases or 
perixodases, or the various chemiluminescers such as luciferin, or fluorescent compounds like 
fluorescein and its derivatives. The probes may be made inherently fluorescent as described in 
Intemational Application No. WO 93/16094. 

[0083] Various degrees of stringency of hybridization can be employed. The more severe the 

conditions, the greater the complementarity that is required for duplex formation. Severity can 
be controlled by temperature, probe concentration, probe length, ionic strength, time, and the 
like. Preferably, hybridization is conducted under moderate to high stringency conditions by 
techniques well known in the aft, as described, for example, in Keller, G.H., M.M. Manak (1987) 
DNA Probes, Stockton Press, New York, NY, pp. 169-170. 

[0084] As used herein "moderate to high stringency*' conditions for hybridization refers to 

conditions which achieve the same, or about the same, degree of specificity of hybridization as 
the conditions employed by the current applicants. Examples of moderate and high stringency 
conditions are provided herein. Specifically, hybridization of immobilized DNA on Southern 
blots with 32P-labeled gene-specific probes was performed by standard methods (Maniatis et 
al.). In general, hybridization and subsequent washes were carried out imder moderate to high 
stringency conditions that allowed for detection of target sequences with homology to the 
exemplified toxin genes. For double-stranded DNA gene probes, hybridization was carried out 
ovemight at 20-25° C below the melting temperature (Tm) of the DNA hybrid in 6X SSPE, 5X 
Denhardt's solution, 0.1% SDS, 0.1 mg/ml denatured DNA. The melting temperature is 
described by the following formula (Beltz, G.A., K.A. Jacobs, T.H. Eickbush, P.T. Cherbas, and 
F.C. Kafatos [1983] Methods of Enzymology, R. Wu, L. Grossman and K. Moldave [eds.] 
Academic Press, New York 1 00:266-285). 

Tm=81.5^ C+16.6 Log[Na+]+0.41(%G+C)-0.61(%formamide)-600/length of duplex in 
base pairs. 

[008S] Washes are typically carried out as follows: 
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(1) Twice at room temperature for 15 minutes in IX SSPE, 0.1% SDS (low stringency 

wash). 

(2) Once at Tm-20° C for 15 minutes in 0.2X SSPE, 0.1% SDS (moderate stringency 

wash). 

[0086J For oligonucleotide probes, hybridization was carried out overnight at 10-20° C below 

the melting temperature (Tm) of the hybrid in 6X SSPE, 5X Denhardfs solution, 0.1% SDS, 0.1 
mg/ml denatured DNA. Tm for oligonucleotide probes was determined by the following 
formula: 

Tni (°C)=2(number T/A base pairs) +4(number G/C base pairs) (Suggs, S.V., T. Miyake, 
E.H. Kawashime, M.J. Johnson, K. Itakura, and R.B. Wallace [1981] ICN-UCLA Symp. Dev. 
Biol Using Purified Genes, D.D. Brown [ed.], Academic Press, New York, 23:683-693). 
[0087] Washes were typically carried out as follows: 

(1) Twice at room temperature for 15 minutes IX SSPE, 0.1% SDS (low stringency 

wash). 

(2) Once at the hybridization temperature for 15 minutes in IX SSPE, 0.1% SDS 
(moderate stringency wash). 

[0088] In general, salt and/or temperature can be altered to change stringency. With a labeled 

DNA fragment >70 or so bases in length, the following conditions can be used: . 

Low: 1 or 2X SSPE, room temperature 

Low: lor2XSSPE,42°C 

Moderate: 0.2X or IX SSPE, 65° C 

High: 0.1XSSPE,65°C. 
[0089] Duplex formation and stability depend on substantial complementarity between the two 

strands of a hybrid, and, as noted above, a certain degree of mismatch can be tolerated. 
Therefore, the probe sequences of the subject invention include mutations (both single and 
multiple), deletions, insertions of the described sequences, and combinations thereof, wherein 
said mutations, insertions and deletions permit formation- of -stable hybrids with the target 
polynucleotide of interest. Mutations, insertions, and deletions can be produced in a given 
polynucleotide sequence in many ways, and these methods are known to an ordinarily skilled 
artisan. Other methods may become known in the future. 
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f0090} Thus, mutational, insertional, and deletional variants of the disclosed nucleotide 

sequences can be readily prepared by methods which are well known to those skilled in the art. 
These variants can be used in the same manner as the exemplified primer sequences so long as 
the variants have substantial sequence homology with the original sequence. As used herein, 
substantial sequence homology refers to homology which is sufficient to enable the variant probe 
to function in the same capacity as the original probe. Preferably, this homology is greater than 
50%; more preferably, this homology is greater than 75%; and most preferably, this homology is 
greater than 90%. The homology/identity can also be greater than 80%, greater than 85%, or 
greater than 95%. The degree of homology needed for the variant to function in its intended 
capacity will depend upon the intended use of the sequence. It is well within the skill of a person 
trained in this art to make mutational, insertional, and deletional mutations which are designed to 
improve the function of the sequence or otherwise provide a methodological advantage, 

f009ij PCR technology . Polymerase Chain Reaction (PGR) is a repetitive, enzymatic, primed 

synthesis of a nucleic acid sequence. This procedure is well known and conmionly used by those 
skilled in this art (see Mullis, U.S. Patent Nos. 4,683,195, 4,683,202,. and 4,800,159; Saiki, 
Randall K., Stephen Scharf, Fred Faloona, Kary B. Mullis, Glenn T. Hom, Henry A. Erlich,: 
Norman Amheim [1985] "Enzymatic Amplification of P-Globin Genomic Sequences and 
Restriction Site Analysis for Diagnosis of Sickle Cell Anemidi,'' Science 230:1350-1354). PjCRi. 
is based on the enzymatic amplification of a DNA fragment of interest that is flanked by two. 
oligonucleotide primers that hybridize to opposite strands of the target sequence. The primers 
are oriented with the 3' ends pointing towards each other. Repeated cycles of heat denaturation 
of the template, annealing of the primers to their complementary sequences, and extension of the 
annealed primers with a DNA polymerase result in the amplification of the segment defined by 
the 5' ends of the PCR primers. Since the extension product of each primer can serve as a 
template for the other primer, each cycle essentially doubles the amount of DNA fragment 
produced in the previous cycle. This results in the exponential accumulation of the specific 
target fragment, up to several million-fold in a few hours. * By using a thermostable DNA 
polymerase such as Tag polymerase, which is isolated from the thermophilic bacterium Thermus 
aquaticus, the amplification process can be completely automated. Other enzymes which can be 
used are known to those skilled in the art. 
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[0092J The DNA sequences of the subject invention can be used as primers for PGR 

ampUfication. In performing PGR ampUfication, a certain degree of mismatch can be tolerated 
between primer and template. Therefore, mutations, deletions, and insertions (especially 
additions of nucleotides to the 5' end) of the exemplified primers fall within the scope of the 
subject invention. Mutations, insertions and deletions can be produced in a given primer by 
methods known to an ordinarily skilled artisan. 

foo93j All of the U.S. patents cited herein are hereby incorporated by reference. 

[0094] Following are examples which illustrate procedures for practicing the invention. These 

examples should not be construed as limiting. All percentages are by weight and all solvent 
mixture proportions are by volume unless otherwise noted. 

Example 1 - Culturing of Bacillus Isolates Useful According to the Invention 
[0095] Growth of cells . The cellular host containing the Bacillus insecticidal gene may be 

grown in any convenient nutrient medium. These cells may then be harvested in accordance 
with conventional ways. Altematively, the cells can be treated prior to harvesting. 
[0096] The Bacillus cells of the invention can be cultured using standard art media and 

fermentation techniques. During the fermentation cycle, the bacteria can be harvested by first 
separating the Bacillus vegetative cells, spores, crystals, and lysed cellular debris fi-om thet. 
fermentation broth by means well known in the art. Any Bacillus spores or crystal 5-endotoxins 
formed can be recovered employing well-known techniques and used as a conventional 8- 
endotoxin B.t preparation. The supernatant fi:om the fermentation process contains toxins of the 
present invention. The toxins are isolated and purified employing well-known techniques. 
[0097] A subculture of Bacillus isolates, or mutants thereof, can be used to inoculate the 

following medium, known as TB broth: 

Tryptone 12 g/1 

Yeast Extract 24 gA 

Glycerol 4 g/1 . - 

KH2PO4 2.1 g/1 

K2HPO4 14.7 g/1 

pH7.4 
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[0098] The potassium phosphate was added to the autoclaved broth after cooling. Flasks were 

incubated at 30° C on a rotary shaker at 250 rpm for 24-36 hours. 
[0099] The above procedure can be readily scaled up to large fermentors by procedures well 

known in the art. 

[ooioo] The Bacillus obtained in the above fermentation, can be isolated by procedures well 

known in the art. A frequently-used procedure is to subject the harvested fermentation broth to 
separation techniques, eg., centrifugation. In a specific embodiment. Bacillus proteins useful 
according -the present invention can be obtained from the supernatant. The culture supernatant 
containing the active protein(s) can be used in bioassays. 

[00101] Alternatively, a subculture of Bacillus isolates, or mutants thereof, can be used to 

inoculate the following peptone, glucose, salts medixmi: 

Bacto Peptone 7.5 g/1 

Glucose 1.0 g/1 

KH2PO4 , 3.4 g/1 

K2HPO4 4.35 g/1 

Sah Solution 5.0 ml/1 

CaCb Solution 5.0 ml/1 , 
pH7.2 

Salts Solution (100 ml) 

MgS04-7H20 2.46g 

MnS04 H20 . 0.04 g 

ZnS04-7H20 0.28 g 

FeS04-7H20 0.40 g 

CaCb Solution (100 ml) 

CaCl2-2H20 3.66 g 
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[00102] The salts solution and CaCh solution are filter-sterilized and added to the autoclaved and 

cooked broth at the time of inoculation. Flasks are incubated at 30"^ C on a rotary shaker at 200 
rpm for 64 hr. 

[Qoios] The above procedure can be readily scaled up to large fermentors by procedures well 

known in the art. 

[00104] The Bacillus spores and/or crystals, obtained in the above fermentation, can be isolated 

by procedxires well known in the art. A fi-equently-used procedure is to subject the harvested 
fermentation broth to separation techniques, e.g. , centrifugation. 

Example 2 - Isolation and Preparation of Cellular DNA for PCR 
[00105] DNA can be prepared fi*om cells grown on Spizizen's agar, or other minimal or enriched 

agar known to those skilled in the art, for approximately 16 hours. Spizizen's casamino acid agar 
comprises 23.2 g/1 Spizizen's minimal salts [(NH4)2S04, 120 g; K2HPO4, 840 g; KH2PO4, 360 g; 
sodium citrate, 60 g; MgS04 7H2O, 12 g. Total: 1392 g]; 1.0 g/1 vitamin-fi-ee casammo acids; 
15.0 g/1 Difco agar. In preparing the agar, the mixture was autoclaved for 30 minutes, then a 
sterile, 50% glucose solution can be added to a final concentration of 0.5% (1/100 vol). Once the 
cells are grown for about 16 hours, an approximately 1 cm^ patch of cells can be scraped fi"om 
the agar into 300 ^1 of 10 mM Tris-HCl (pH 8.0)- 1 mM EDTA. Proteinase K was added to 50 
^g/ml and incubated at 55 C for 15 minutes. Other suitable proteases lacking nuclease activity 
can be used. The samples were then placed in a boiling water bath for 15 minutes to inactivate 
the proteinase and denature the DNA. This also precipitates unwanted components. The 
samples are then centrifuged at 14,000 x g in an Eppendorf microfiige at room temperature for 5 
minutes to remove cellular debris. The supematants containing crude DNA were transferred to 
fi-esh tubes and fi"ozen at 20° C vintil used in PCR reactions. 
[00106] Alternatively, total cellular DNA may be prepared, fi-om plate-grown cells using the 

QIAamp Tissue Kit fi-om Qiagen (Santa Clarita, CA) following instructions from the 
manufacturer. 
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Example 3 - Use of PGR Primers to Characterize and/or Identify Toxin Genes 
[00107] Two primers useful in PGR procedures were designed to identify genes that encode 

pesticidal toxins. Preferably, these toxins are active against lepidopteran insects. The DNA from 
. 95 B,t strains was subjected to PGR using these primers. Two clearly distinguishable molecular 
weight bands were visible in "positive" strains, as outlined below. The frequency of strains 
yielding a 339 bp fragment was 29/95 (31%). This fragment is referred to herein as the "339 bp 
fragment" even though some small deviation in the exact number of base pairs may be observed. 

GARGGRTGGA AAGGAAATAA TAARAATGG (SEQ ID NO. 1) 
AAARTTATGT GGGGAWGGTT GATGTGGATT TTG (SEQ ID NO. 2) 

[00108] The Strains which were positive for the 339 bp fragment (29 strains) were: PSllB, 

PS31G1, PS36A, PS49G, PS81A2, PS81F, PS81GG, PS81I, PS85A1, PS86BB1, PS86V1, 
PS86W1, PS89J3, PS91G2, PS94R1, PSIOIDD, PS158G2, PS185U2, PS192M4, PS202S, 
PS213E5, PS218G2, PS244A2, HD29, HDl 10, HD129, HD525, HD573a, and Javelin 1990. 

[00109] The 24 . strains which gave a larger (approximately 1.2 kb) fragment were: PS24J, 

PS33F2, PS45B1, PS52A1, PS62B1, PS80PP3, PS86A1, PS86Q3, PS88F16, PS92B, PS101Z2, 
PS123D1, PS157C1, PS169E, PS177F1, PS177G, PS185L2, PS201L1, PS204C3^ PS204G4, 
PS242H10, PS242K17, PS244A2, PS244D1. 

[oouo] It was foimd that Bacillus strains producing lepidopteran-active proteins yielded only the 

339 bp fragment. Few, if any, of the strains amplifying the approximately 1.2 kb fragment had 
known lepidopteran activity, but rather were coleopteran-, mite-, and/or nematode-active B,t 
crystal protein producing strains. 

. Example 4 - DNA Sequencing of Toxin Genes Producing the 339 Fragment 
[ooni] PGR-amplified segments of toxin genes present in Bacillus strains can be readily 

sequenced. To accomplish this, ariiplified DNA fragments can be first cloned into the PGR DNA 
TA-cloning plasmid vector, pGRII, as described by the supplier (Invitrogen, San Diego, GA). 
Individual pCRII clones from the mixture of ampUfied DNA fragments from each Bacillus strain 
are chosen for sequencing, Golonies are lysed by boiling to release crude plasmid DNA. DNA 
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templates for automated sequencing are amplified by PGR using vector-specific primers flanking 
the plasmid multiple cloning sites. These DNA templates are sequenced using Applied 
Biosystems (Foster City, CA) automated sequencing methodologies. The polypeptide sequences 
can be deduced fi-om these nucleotide sequences. 
[00112] DNA fi-om three of the 29 Bx strains which amplified the 339 bp fi-agments were 

sequenced. A DNA sequence encoding a toxin from strain PS36A is shown in SEQ ID NO. 3. 
An amino acid sequence for the 36A toxin is shown in SEQ ID. NO 4. A DNA sequence 
encoding a toxin firom strain PS81F is shown in SEQ ID NO. 5. An amino acid sequence for the 
8 IF toxin is shown in SEQ ID. NO 6. A DNA sequence encoding a toxin fi-om strain Javelin 
1990 is shown in SEQ ID NO. 7. An amino acid sequence for the Javelin 1990 toxin is shown in 
SEQ ID. NO 8. 

Example 5 - Determination of DNA Sequences firom Additional Genes Encoding Toxins fi-om 
Strains PS158C2 and PS49C 

[00113] Genes encoding novel toxins were identified from isolates PS158C2 and PS49C as 

follows: Total cellular DNA was extracted from B.t strains using Qiagen (Santa. Clarita, CA) 
Genomic-tip 500/G.DNA extraction kits according to the supplier and was subjected to PGR 
using the oligonucleotide primer pairs listed below. Amplified DNA fragments were purified on 
Qiagen PGR purification colunms and were used as templates for sequencing. 

[00114] For PS 1 58C2, the primers used were as follows. 

158C2 PRIMER A: 

GGTCTAGAAGGAGGTAAGTTATGAAGAAGAATAATAGTAAATTAAGC 
(SEQ ID NO. 9) 
339 reverse: 

AAARTTATCT GCCCAWGGTT CATGTCGATT TTG (SEQ ID NO. 2) 

The resulting PCR-amplified DNA fragment was approximately 2kbp in size. This DNA was 
partially sequenced by dideoxy chain termination using automated DNA sequencing technology 
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(Pekin Elmer/Applied Biosystems, Foster City, CA). A DNA sequence encoding a portion of a 
soluble toxin from PS 1 58C2 is shown in SEQ ID NO. 10. 
[00115] For PS49C, two separate DNA fragments encoding parts of a novel toxin gene were 

amplified and sequenced. The first fragment was amplified using the following primer pair: 

49C PRIMER A: 

CATCCTCCCTACACTTTCTAA (SEQ ID NO, 1 1) 
339 reverse: 

AAARTTATCr CCCCAWGCTT CATCTCCATT TTG (SEQ ID NO. 2) 

The resulting approximately 1 kbp DNA fragment was used as a template for automated DNA 
sequencing. A sequence of a portion of a toxin gene from strain PS49C is shown in SEQ ID NO. 
12. 

[00116] The second fragment was amplified using the following primer pair: 

49CPRIMERB: 

AAATTATGCGCTAAGTCTGC (SEQ ID NO. 13) 
49C PRIMER C: 

TTGATCCGGACATAATAAT (SEQ ID NO. 14) 

The resulting approximately 0.57 kbp DNA Augment was used as a template for automated DNA 
sequencing. An additional sequence of a portion of the toxin gene from PS49C is shown in SEQ 
ID NO. 15. 

[00117] Full-length sequences of the 49C and 158C2 SUP toxins and genes are provided as SEQ 

IDNOs:16-19. 

Example 6 - Additional Primers Useful for Characterizing and/or Identifying Toxin Genes 
[W)n8] The following primer pair can be used to identify and/or characterize genes of the SUP 

fairiily: 
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SUP-IA: 

GGATTCGTTATCAGAAA (SEQ ID NO. 20) 
SUP-IB: 

CTGTYGCTAACAATGTC (SEQ ID NO. 21) 

These primers can be used in PGR procedures to amplify a fragment having a predicted size of 
approximately 370 bp. A band of the predicted size was amplified from strains PS158C2 and 
PS49C. 

Example 7 - Molecular Cloning and DNA Sequence Analysis of a Novel SUP Toxin Gene from 
Bacillus thurinsiensis strain KB59A4-6 

[00119] Total cellular DNA was prepared from the Bacillus thuringensis strain KB59A4-6 grown 

to an optical density of 0.5-0.8 at 600nm visible light in Luria Bertani (LB) broth. DNA was 
extracted using the Qiagen Genomic-tip 500/G kit and Genomic DNA Buffer Set according to 
the protocol for Gram positive bacteria (Qiagen Inc.; Valencia, CA). DNA was digested with 
HinDlll and run on 0.7% agarose gels for Southern blot analysis by standard methods (Maniatis 
et al.). A PGR amplicon containing a Vip3 gene from Javelin-90 genomic DNA was obtained by 
using the oligos A3A-atg (GCTCTAGAAGGAGGTAACTTATGAACAAGAATAATACTAAA 
TTAAGC) (SEQ ID NO. 22) and A3A-taa (GGGGTACCTTACTTAATAGAGACATCG) (SEQ 
ID NO. 23). This DNA fragment was gel purified and labeled with radioactive ^^P-dCTP using 
Prime-It II Random Primer Labeling Kit (Stratagene) for use as a probe. Hybridization of 
Southem blot filters was carried out in a solution of 6X SSPE, 5X Denhardt's solution, 0.1% 
SDS, 0.1 mg/ml denatured DNA at 42°C overnight in a shaking water bath. The filters were 
subsequently washed in IX SSPE and 0.1% SDS once at 25°C followed by two additional 
. washes at 37°C. Hybridized filters were then exposed to X-ray film at B80°C. An 
approximately 1 kbp HinDlW fragment of KB59A4-6 genomic DNA was identified that 
hybridized to the Javelin 90 SUP probe. 

[00120] A lambda library of KB59A4-6 genomic DNA was constructed as follows. DNA was 

partially digested with 5ai/3A and size-fi:Bctionated on agarose gels. The region of the gel 
containing fragments between 9.0 and 23 kbp was excised and DNA was isolated by 
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electroelution in 0.1 X TAE buffer followed by purification over Elutip-d columns (Schleicher 
and Schuell, Keene, NH). Size-fi:actionated DNA inserts were ligated into ^amHI-digested 
Lambda-Gem 11 (Promega) and recombinant phage were packaged using Gigapacklll XL 
Packing Extract (Stratagene). Phage were plated on E. coli VCS257 cells for screening by 
hybridization. Plaques were transferred to nylon filters and dried under vacuum at SO^C. 
Hybridization was then performed with the Javelin 90 Sup gene probe as described above. One 
plaque that gave a positive signal was selected using a Pasteur pipette to obtain a plug. The plug 
was soaked over-night at room temperature in ImL SM buffer + lOuL CHCI3. Large-scale 
phage DNA preparations (Maniatis et al.) were obtained fi-om liquid lysates of E. coli KW251 
infected with this phage. 

[00121] The KB59A4-6 toxin gene was subcloned into the £. colil B, thuringiensis shuttle vector, 

pHT370 (O. Arantes and D. Lereclus. 1991, Gene 108: 115-119), on an approximately 5.5 kbp 
SacI/ Xbal fragment identified by Southem hybridization. This plasmid subclone was 
designated pMYC2473. Recombinant E. coli XLIO-Gold cells (Stratagene) containing this 
construct are designated MR993. The insecticidal toxin gene was sequenced by primer walking 
using pMYC2473 plasmid and PGR amplicons as DNA templates. Sequencing reactions were 
performed using the Dye Terminator Cycle Sequencing Ready Reaction Kit fi-om PE AppUed 
Biosystems and run on a ABI PRISM 377 Automated Sequencer. Sequence data was analyzed 
using the PE ABI PRISM 377 Collection, Factura, and AutoAssembler software. The DNA 
sequence and deduced peptide sequence of the KB59A4-6 toxin are reported as new SEQ ID 
NOs. 24 and 25, respectively. 

[00122] A subculture of MR993 was deposited in the permanent collection of the Patent Culture 

Collection (NRRL), Regional Research Center, 1815 North University Street,. Peoria, Illinois 
61604 USA on May 4, 1 999. The accession number is NRRL B-30125. 

Example 8 - Bioassavs for Activitv Against Lepidopterans and Coleopterans 
[oom] Biological activity of the toxins and isolates of the subject invention can be confirmed 

using standard bioassay procedures. One such assay is the budworm-boUworm {Heliothis 
virescens [Fabricius] and Helicoverpa zea [Boddie]) assay, Lepidoptera bioassays were 
conducted with either surface application to artificial insect diet or diet incorporation of samples. 
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All Lq)idopteran insects were tested from the neonate stage to the second instar. All assays were 
conducted with either toasted soy flour artificial diet or black cutworm artificial diet (BioServ, 
Frenchtown, NJ). 

[00124] Diet incorporation can be conducted by mixing the samples with artificial diet at a rate of 

6 mL suspension plus 54 mL diet. After vortexing, this mixture is poured into plastic trays with 
compartmentalized 3-ml wells (Nutrend Container Corporation, Jacksonville, FL). A water 
blank containing no Bx serves as the control. First instar larvae (USDA-ARS, Stoneville, MS) 
are placed onto the diet mixture. Wells are then sealed with Mylar sheeting (ClearLam 
Packaging, IL) using a tacking iron, and several pinholes are made in each well to provide gas 
exchange. Larvae were held at 25® C for 6 days in a 14:10 (light:dark) holding room. Mortality 
and stunting are recorded after six days. 

[00125] Bioassay by the top load method utilizes the same sample and diet preparations as listed 

above. The samples are applied to the surface of the insect diet. In a specific embodiment, 
surface area ranged from 0.3 to approximately 0.8 cm^ depending on the tray size, 96 well tissue 
culture plates were used in addition to the format listed above. Following application, samples 
are allowed to air dry before insect infestation. A water blank containing no Ba. can serve as the 
control. Eggs are applied to each treated well and were then sealed with Mylar sheeting 
(ClearLam Packaging, IL) using a tacking iron, and pinholes are made in each well to provide 
gas exchange. Bioassays are held at 25° C for 7 days in a 14:10 (light:dark) or 28° C for 4 days 
in a 14:10 (Ught:dark) holding room. Mortality and insect stunting are recorded at the end of 
each bioassay. 

[00126] Another assay useful according to the subject invention is the Western com rootworm 

assay. Samples can be bioassayed against neonate western com rootworm larvae . (Diabrotica 
virgifera virgifera) via top-loading of sample onto an agar-based artificial diet at a rate of 160 
ml/cm . Artificial diet can be dispensed into 0.78 cm wells in 48-well tissue culture or similar 
plates and allowed to harden. After the diet solidifies, samples are dispensed by pipette onto the 
diet surface. Excess liquid is then evaporated from the surface prior to transferring 
approximately three neonate larvae per well onto the diet surface by camel's hair brush. To 
prevent insect escape while allowing gas exchange, wells are heat-sealed with 2-mil punched 
polyester fibn with 27HT adhesive (Oliver Products Company, Grand Rapids, Michigan). 
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Bioassays are held in darkness at 25^ C, and mortality scored after four days. Analogous 
bioassays can be performed by those skilled in the art to assess activity against other pests, such 
as the black cutworm (Agrotis ipsilon). 
[00127] Results are shown in Table 8. 



Tables. Genetics and f 
and coleopteran activity 


unction of concentrated B.t supernatants screened for lepidopteran 


Strain 


Approx. 
339 bp 
PGR 

fragment 


Total 

Protein 

(^g/cm2) 


ca. 80-100 
kDa 
protein 
(fig/cm2 


H. vir 

% 

mortality 


escens 
Stunting 


H.z 

% 

mortality 


ea 
Stunting 


Diabrotica 
% 

mortality 


PS31G1 


+ 


8.3 


2.1 


70 


yes 


39 


yes 


NT . 


PS49C 




13.6 


1.5 


8 


yes 


8 


no 


NT 


PS81A2(#1) 


+ 


30.3 


2.3 


100 


yes 


38 


yes 


NT 


PS81A2(#2) 




18.8 


1.6 


38 


yes 


13 


no 


NT 


PS81F 


-H- 


26 


5.2 


100 


yes 


92 


yes 


NT 


PS81I 


+ 


10.7 


1.7 


48 


yes 


13 


no 


NT 


PS185U2 




23.4 


2.9 


100 


yes 


•100 


yes 


NT 


PS192M4 




10.7. 


2.0 


9 


no 


4 


yes 


NT 


HD129 


■ + 


44.4 


4.9 


100 


yes 


50 


yes 


NT 


Javelin 1990 




43.2 


3.6 


100 


yes 


96 


yes 


NT 


water 








0-8 




0-4 




12 



*NT = not tested 



Example 9 - Results of Budworm/Bbllworm Bioassays 
[00128] Concentrated liquid supernatant solutions, obtained according to the subject invention, 

were tested for activity against Heliothis virescens (H.v,) and Helicoverpa zea {H.z.). 
Supematants from the following isolates were tested and were found to cause mortality against 
//.v.: PS157C1, PS31G1, PS49C, PS81F, PS81I, Javelin 1990, PS158C2, PS202S, PS36A, 
HDllO, and HD29. Supematants from the following isolates were tested are were found to 
cause significant mortality against Kz. : PS31G1, PS49C, PS81F, PS81I, PS157C1, PS158C2, 
PS36A, HDl 10, and Javelin 1990. 

Example 10 - Additional Bioassays and Activity Against Diamond Back Moths 
[00129] The indicated toxin genes were cloned into E. coli cells that produced the toxin proteins 

but were otherwise free of other toxin genes. The following data were obtained using purified 
toxin protein (obtained from the indicated clones) in standard diet incorporation bioassays. 
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Interestingly, the Vip3-like Jav90 protein was essentially not active against diamond back moths 
(DBM) while the 49C and KB59A4-6 SUP toxins were active against DBM. (The meaning of 
the other pest abbreviations used in the tables below are defined in detail in the next example 
[Example 11].) 



Table 9 


Strains 


Sample Type 


CEW 




DBM 




FAW 


KB59A4-6-Native 


Frozen Extract 


1.2 




1.4 




2 




49C-Native 


Frozen Extract 


0 




1.3 




0 






Table 10 


SUP Clones 


Protein Cone. 


BAW 


BCW 


CEW 


DBM 


FAW 


TBW 


49C-Native 


20.3 ^ig/cm^ 


. 0 


0 


0 


1.6 


0 


0 


KB59A4-6-Native 


18.75 Jig/cm^ 


0 


0.8 


0.2 


1.5 


1.1 


0.3 




Table 11 


SUP Clones 


Sample # 


BAW 


BCW 


CEW 


DBM 


FAW 


TBW 



49C-Native 


77626 


0 


0 


0 


1.3 


0 


0 


49C-Native 


77642 


0 


0 


0 


1.9 


0 


0 


KB59A4-6-Native 


77625 


0 


0.9 


0.2 


1.7 


1 


0.7 



Table 12 



SUP Clones Sample* Protein Cone BAW BCW 


CEW 


DBM 


FAW 


TBW 


49C-Native 77642 


243 ^ig/cm^ 0 


0 


0 


2 


0 


0 


KB59A4-6-Native 77644 


39.8ng/cm^ 0.9 


1.1 


1.5 


2 


1.9 


1.1 




Table 13 


Sample 


Dose 


TBW 


CEW 


BCW 


BAW 


FAW 


DBM 


KB59A4-6 N-term tag 


563 p.g/cm'' 


1 


1 


1 


1 


2 


1.4 


KB59A4-6 Native 


91 fig/cm^ 


0.4 


0.5 


0.5 


0.1 


1 


1 . 


JAV90 N-term tag 


359^g/cm^ 


0.8 


1 


1 


1 


2 


0 




Table 14 


Sample Dose (|xg/cm'') 


TBW 


CEW 


BCW 


FAW 


BAW 


DBM 


KB59A4-6 Native 


297 


0.6 


1 


0.3 


1.3 


0.3 


1.6 


KB59A4-6 N-term tag 


102 


0.9 


0.9 


0.4 


1.4 


0 


1.6 


JAV90 N-term tag 


86 


0.1 


0.7 


0.4 


0.6 


1 


0.3 
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These findings have interesting and important implications, as. DBMs are known to 
develop resistance to Cryl B.t toxins. Thus, the subject invention includes the use of the subject 
SUP proteins for controlling (inhibiting) DBMs and for preventing the development of resistant 
DBMs (including the use of "stacking" a SUP gene with another BX toxin gene). The subject 
invention also includes administering said SUP toxin to a resistant DBM, and the use of said 
toxins in resistance management strategies. See, e.g., Roush, R.T. (1998), Two-toxin strategies 
for management of insecticidal transgenic crops: Can pyramiding succeed where pesticide 
mixture have not?, Philosophical Transactions Royal Society of London B(353):l 777- 1786; 
Ferre, J., et al (2002), Biochemistry and genetics of insect resistance to Bacillus thuringiensis. 
Annual Review of Entomology, 41:501-533 . 

Example 1 1 - Target Pests 
[00130] Toxins of the subject invention can be used, alone or in combination with other toxins, to 

control one or more non-mammalian pests. Some target pests are listed in Table 15. Activity 
can be confirmed using the bioassays provided herein, adaptations of these bioassays, and/or 
other bioassays well known to those skilled in the art. . 



Table 15, Target pest species 



ORDER/Common Name Latin Name 



LEPIDOPTERA 




European Com Borer 


Ostrinia nubilalis 


European Com Borer resistant to Cryl 


Ostrinia nubilalis 


(CrylAh and/or lAc) 




Black Cutworm (BCW) 


Agrotis ipsilon 


Fall Armyworm (FAW) 


Spodoptera frugiperda 


Southwestem Com Borer 


Diatraea grandiosella 


Com Earworm/BoUworm (CEW) 


. Helicoverpa zea 


Tobacco Budworm (TBW) 


Heliothis virescens 


Resistant Tobacco Budworm (TBW^) 


Heliothis virescens 


Sunflower Head Moth 


Homeosoma ellectellum 


Banded Sunflower Moth 


Cochylis hospes * 


Argentine Looper 


Rachiplusia nu 


Spilosoma 


Spilosoma virginica 


Bertha Armyworm (BAW) 


Mamestra configurata 


Diamondback Moth (DBM) 


Plutella xylostella 


Diamondback Moth resistant to a Cry toxin 


Plutella xylostella 
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Table 15. Target pest species 


ORDER/Common Name 


Latin Name 


(DBM") 


r*OT pnPTFP A 




ivcu ouiiiiower oeca wcevii 


omicronyx JUIVUS 


0.11 n t1 rv\i/**T* Sl't'iaTYi \A/^^\/il 

ouiiiiuwci oiciii weevil 


i^yiifiurocopnirus ucisjjcrsiis 


Sunflower Beetle 


Zygoruntntci exclantationis 


Canola Flea Beetle 


Phyllotreta cruciferae 


Western Com Rootworm 


Diabrotica virgifera virgifera 


DIPTERA 




Hessian Fly 


Mayetiola destructor 


HOMOPTERA 




Greenbug 


Schizaphis graminum 


HEMIPTERA 




Lygus Bug 


Lygus lineolaris 


NEMATODA 


Heterodera glycines 



Example 17 - Plant-Optimized KB59A4-6 Gene 
[00131] One skilled in the art may produce transgenic plants that produce the protein encoded by 

an insecticidal protein gene such as described herein. To ensure adequate expression of the 
insecticidal protein gene in plants, one may design a new coding region that is more suitable for 
plant expression, yet encodes substantially the same insecticidal protein as the native coding 
region. Using codon bias tables established for plant genes, one may substitute the codons 
specifying individual amino acids, as are present in the native gene sequence with codons more 
often found in plant genes. Because the genetic code is redundant for some amino acids, one 
may choose froni amongst one (Met and Trp), two (Phe, Tyr, His, Gin, Asn, Lys, Asp, Glu, and 
Cys), three (lie), four (Val, Pro, Thr, Ala, and Gly) or six (Arg, Ser, and Leu) choices to specify 
an amino acid, depending on the identity of the particular amino acid to be encoded. 
Accordingly, one can design a plant-optimized DNA sequence that encodes an insecticidal 
protein as disclosed herein as SEQ ID NO:27; said DNA sequence is set forth as SEQ ID NO:26. 
It is to be noted that the protein encoded by SEQ ID NO:27 is identical to that of SEQ ID NO:25, 
except for the addition of an alanine residue as amino acid number two. This additional amino 
acid is encoded as a consequence of the introduction of the recognition sequence for restriction 
enzyme Nco I at the ATG translational start codon to facilitate cloning manipulations of the 
plant-optimized coding region. 
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[00132] To provide appropriate plant gene expression control sequences to the plant-optimized 

coding region, the DNA fragment containing the coding region was prepared by cutting the DNA 
of an appropriate clone with restriction enzymes Nco I and Sac 1. This coding region-containing 
DNA fragment was then ligated onto the corresponding ends of an appropriate plasmid cut with 
Nco I and Sac I, such that a plant promoter derived from the Cassava Vein Mosaic Virus flanked 
the coding region on the 5* end. Flanking the coding region on the 3* end were the 3' untranslated 
(UTR) sequences derived from Agrobacterium tumefaciens pTi- 15955 ORF 24, which specify 
the termination of transcription and addition of polyadenylate sequences. The entire chimeric 
gene fragment (containing the promoter, coding region, and 3* UTR) was introduced by 
Gateway™ recombination (Invitrogen, Carlsbad, CA) between the left and right T-DNA borders 
of a binary vector in preparation for Agrobacterium tumefaciens-mtdidiGA transformation of 
Arabidopsis plants. Also located between the T-DNA borders of the binary vector, and thus 
Unked to the chimeric gene encoding the insecticidal protein, is a second plant-expressible gene 
that confers resistance to the herbicide Finale™ to plant cells expressing the gene. By means of 
this selectable marker gene, it is possible to identify and select for plant cells containing both 
introduced genes. 

[00153] Introduction of the chimeric gene encoding the insecticidal protein into Arabidopsis cells 

was accomplished by a floral leaf dip method well known to those skilled in the art. The treated 
plants were allowed to set seed, and plants derived from transformed seeds (Tl generation) were 
selected by germinating the seeds in plant growth medium (Sunshine Mix No. 5; SunGro, 
Vancouver, Canada) and spraying with a solution of a 1 : 1000 dilution of Finale™ (Aventis Crop 
Science, Research Triangle Park, NC). Surviving plants were tested for their ability to kill or 
inhibit the growth of feeding insects. 

[00134] A typical bioassay for activity against feeding insects utilized cauline leaves placed in the 

wells of 32-well insect rearing trays containing 1% agar in water, and individual neonate larvae 
were placed in each well. After 4 days at 28°C, under 16/8 hr light/dark cycles, the numbers of 
live and dead larvae were determined.-* 

[00135] Production of the insecticidal protein by the transformed Arabidopsis plants was assayed 

using an antibody that reacts with the native KB59A4-6 protein. Proteins from 5-10 mg of 
rosette leaves were extracted by standard procedures, separated by electrophoresis through an 8- 
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16% polyacrylamide gel in running buffer containing 0.1% sodium dodecyl sulfate, and blotted 
onto nitrocellulose membrane by standard procedures well known to those skilled in the field. 
The immobilized, insecticidally active proteins present on the membrane were reacted with an 
antibody solution and their presence was detected by secondary antibody reactivity by standard 
methods. Figure 1 summarizes the results of several such assays. Toxicity of the plants to 
tobacco budworm {Heliothis virescens) is seen to correlate well with the level of the 90 kDa 
insecticidal protein detected in the transformed plants (five Tl lines shown). No antibody- 
reactive protein is detected in the wild-type (WT) plant protein preparations. 

Example 18 - Insertion of Toxin Genes Into Plants 

[001 36] One aspect of the subject invention is the transformation of plants with genes encoding 

the insecticidal toxin of the present invention. A preferred "gene" is that of SEQ ID NO:26. The 
transformed plants are resistant to attack by the target pest. 

[001 37] Genes encoding pesticidal toxins, as disclosed herein, can be inserted into plant cells 

using a variety of techniques which are well known in the art. For example, a large number of 
cloning vectors comprising a replication system in E. coli and a marker that permits selection of 
the transformed cells are available for preparation for the insertion of foreign genes into higher 
plants. The vectors comprise, for example, pBR322, pUC series, M13mp series, pACYC184, 
etc. Accordingly, the sequence encoding the Bacillus toxin can be inserted into the vector at a 
suitable restriction site. The resulting plasmid is used for transformation into E. colu The E, coli 
cells are cultivated in a suitable nutrient medium, then harvested and lysed. The plasmid is 
recovered. Sequence analysis, restriction analysis, electrophoresis, and other biochemical- 
molecular biological methods are generally carried out as methods of analysis. After each 
. manipulation, the DNA sequence used can be cleaved and joined to the next DNA sequence. 
Each plasmid sequence can be cloned in the same or other plasmids. Depending on the method 
of inserting desired genes into the plant, other DNA sequences may be necessary. If, for 
example, the Ti or Ri plasmid is used for the transformation of the plant cell, then at least the 
right border, but often the right and the left border of the Ti or Ri plasmid T-DNA, has to be 
joined as the flanking region of the genes to be inserted. 
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[0013B] The use of T-DNA for the transformation of plant cells has been intensively researched 

and sufficiently described in EP 120 516; Hoekema (1985) In: The Binary Plant Vector System, 
Offset-durkkerij Kanters B.V., Alblasserdam, Chapter 5; Fraley et al., Crit Rev. Plant ScL 4:1- 
46; and Anet al. (m5)EMB01 4:277-287. 

[00139] Once the inserted DNA has been integrated in the genome, it is relatively stable there 

and, as a rulie, does not come out again. It normally contains a selection marker that confers on 
the transformed plant cells resistance to a biocide or an antibiotic, such as kanamycin, G 418, 
bleomycin, hygromycin, or chloramphenicol, inter alia. The individually employed marker 
should accordingly permit the selection of transformed cells rather than cells that do not contain 
the inserted DNA. 

[OONOj A large number of techniques are available for inserting DNA into a plant host cell. 

Those techniques include transformation with T-DNA using Agrobacterium tumefaciens or 
Agrobacterium rhizogenes as transformation agent, fusion, injection, biolistics (microparticle 
bombardment), or electroporation as well as other possible methods. If Agrobacteria are used for 
the transformation, the DNA to be inserted has to be cloned into special plasmids, namely either 
into an intermediate vector or into a binary vector. The intermediate vectors can be integrated 
into the Ti or Ri plasmid by homologous recombination owing to sequences that are homologous 
to sequences in the T-DNA. The Ti or Ri plasmid also comprises the vir region necessary for the 
transfer of the T-DNA. Intermediate vectors cannot replicate themselves in Agrobacteria. The 
intermediate vector can be transferred into Agrobacterium tumefaciens by means of a helper 
plasmid (conjugation). Binary vectors can replicate themselves both in E. coli and in 
Agrobacteria. They comprise a selection marker gene and a linker or polylinker which are 
framed by the right and left T-DNA border regions. They can be transformed directly into 
Agrobacteria (Holsters et al [ 1 9787 ^ol Gen, Genet. 1 63 : 1 8 1 - 1 87). The Agrobacterium used as 
host cell is to comprise a plasmid carrying a vir region. The vir region is necessary for the 
transfer of the T-DNA into the plant cell. Additional T-DNA may be contained. The bacterium 
so transformed is used for the transformation of plant cells. Plant explants can* advantageously 
be cultivated with Agrobacterium tumefaciens or Agrobacterium rhizogenes for the transfer of 
the DNA into the plant cell Whole plants can then be regenerated from the infected plant 
material (for example, pieces of leaf, segments of stalk, roots, but also protoplasts or sxispension- 
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cultivated cells) in a suitable medium, which may contain antibiotics or biocides for selection. 
The plants so obtained can then be tested for the presence of the inserted DNA. No special 
demands are made of the plasmids in the case of injection and electroporation. It is possible to 
use ordinary plasmids, such as, for example, pUC derivatives. In biolistic transformation, 
plasmid DNA or linear DNA can be employed. 
[00141] The transformed cells are regenerated into morphologically normal plants in the usual 

manner. If a transformation event involves a germ line cell, then the inserted DNA and 
corresponding phenotypic trait(s) will be transmitted to progeny plants. Such plants can be 
grown in the normal manner and crossed with plants that have the same transformed hereditary 
factors or other hereditary factors. The resulting hybrid individuals have the corresponding 
phenotypic properties. 

[00142] In a preferred embodiment of the subject invention, plants will be transformed with genes 

wherein the codon usage has been optimized for plants. See, for example, U.S. Patent No. 
5,380,831. Also, advantageously, plants encoding a truncated toxin will be used. The truncated 
toxin typically will encode about 55% to about 80% of the full length toxin. Methods for 
creating synthetic Bacillus genes for use in plants are known in the art. 

[00143] It should be understood that the examples and embodiments described herein are for 

illustrative purposes only and that various modifications or changes in light thereof will be 
suggested to persons skilled in the art and are to be included within the spirit and purview of this 
application. 
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